Temperature time series obtained from surface moorings deployed along the equator in the Atlantic Ocean during the Seasonal Response of the Equatorial Atlantic Experiment and the Programme Fran•ais Ocean et Climat dans l'Atlantique Equatorial were used to investigate the baroclinic response of the zonal pressure gradient due to the sloping isopycnals. The zonal pressure gradient evolved as a complicated function of time, depth, and zonal position. The most rapid and spatially inhomogeneous variations corresponded to periods of rapidly changing easterly wind stress. Following these periods the baroclinic response due to the sloping isopycnals was observed to overshoot its intended equilibrium before relaxing to it. In so doing, it tended to buffer pressure gradient variations at the depth of the Equatorial Undercurrent (EUC). Over much of the year the isopycnal slopes opposed the surface slope. After the winds relaxed in winter, however, the isopycnal slopes reversed and acted in concert with the surface slope, thereby enhancing the pressure gradient at the depth of the EUC relative to that at the surface. This reversal might be important in maintaining the EUC during times of weak easterly wind stress. The vertical structure of the zonal pressure gradient varied with the depth of the thermocline. When the winds were weak and the thermocline was shallow, the baroclinic response of the zonal pressure gradient due to the sloping isopycnals was primarily effected in the upper 50 m. After the winds intensified and the thermocline deepened the baroclinic response extended down to at least 150 m.
INTRODUCTION

Knowledge of the zonal pressure gradient along the equator (ZPG) is fundamentally important to understanding the dynamics of the Equatorial Undercurrent (EUC) and the associ-
meters. These data are used herein to describe the evolution of the baroclinic response of the ZPG along the equator caused by the sloping isopycnals. The paper is organized as follows. Section 2 reviews previous measurements of the equatorial ZPG from the world's oceans. It shows that the surface pressure gradient is effectively compensated at a depth slightly below the high-speed core of the EUC. In the Atlantic Ocean this depth lies between 75 and 100 m. In anticipation of our own results, the review highlights observations of a reversal in the zonal pressure gradient below the EUC core typically in a region of steady eastward flow. Section 3 describes the field program, the data, and the method for computing the baroclinic response. The seasonal evolution and vertical structure of this response is then discussed in relation to zonal wind stress forcing in section 4. The observed baroclinic response differs substantially from the sinusoidal evolution as surmised from the limited climatology. These differences relate to the rapidity in which the easterly wind stress varies in a given year in relation to the slowly varying climatologically averaged winds. The continuous and synoptic baroclinic response data show equally rapid variations with a tendency to overshoot the equilibrium value necessary to balance the wind stress. One important consequence is that over a portion of the basin, following the abatement of easterly wind stress, the baroclinic response by the isopycnals reverses from a westward directed force to an eastward one. Adding this part to the surface slope results in a larger eastward directed pressure gradient force at the depth In the Atlantic Ocean the wind stress veers increasingly easterly west of 10øW, while it is southerly or southwesterly to the east of that longitude. Consequently, the sea surface tends to slope upward both to the east and to the west of 10øW. The preceding literature survey indicates that along the equator the baroclinic response due to the isopycnal slopes is ß such that seasonal variations of the surface pressure gradient are compensated at a depth slightly below the region of maximum temperature gradient in the thermocline and the EUC core. For the central Atlantic (30øW to 10øW) this depth lies between 75 rn and 100 m. In anticipation of our results we draw attention to the observations of a westward pressure gradient force below the compensation depth. For the Pacific, Bryden and Brady [1985] indicate that within 1 ø of the equator the pressure gradient force opposes the ea•stward flow beneath the core of the EUC. While the flow is against the pressure gradient force, this scenario is precisely that suggested by Arthur [1960] , who hypothesized that under steady state conditions the vertical profile of zonal velocity can be calculated from a balance between the ZPG and the vertical diffusion of zonal momentum.
DATA
The temperature time series used in this analysis were obtained from surface buoyed current meter moorings located along the equator at 28øW, 24øW, 15øW, and 4øW. To ascertain the influence of salinity on the calculations of the zonal pressure gradient, a comparison was made between the above formulation and pressure gradients derived using the temperature/salinity (T/S) relationship for the central equatorial Atlantic from the atlas of Emery and Dewar [1982] ; the data used were taken from their Atlantic area 1. A quadratic regression of salinity against temperature was fit by least squares over the temperature range of 27.5øC to 13øC. In conjunction with the temperature time series, the regression generated a salinity time series from which density was computed using the equation [1981] show that if the wind stress changes rapidly from one state to another, the oceanic response is to overshoot the equilibrium level before relaxing to it. In a broad sense the equatorial Atlantic is subject to rapidly increasing easterlies over the western two thirds of the basin in boreal spring with a similarly rapid decrease in boreal winter.
Surface slope time series from inverted echo sounder measurements [Katz et al., 1986] show a distinct annual cycle in response to the winds with a large eastward directed surface pressure gradient force following intensification and a small value following relaxation. The baroclinic response due to the isopycnal slopes shown here generally acts in opposition to the surface slope. A westward directed force develops following intensification, and an eastward directed force develops following the relaxation. Consequently, the isopycnal slopes act as a buffer to the zonal pressure gradient force at the depth of the EUC. This buffering effect by the isopycnal slopes has important implications on the maintenance of the EUC. For example, from late January through mid-March the results from the mooring pairs exclusive of 4øW indicate a reversal from a westward directed to an eastward directed pressure gradient force at the level of the EUC. The reversal implies that the pressure gradient force at the depth of the EUC exceeds that at the surface. This observation is corroborated by the results of a conductivity, temperature, and depth (CTD) survey in January-February 1984 by Hisard and Henin [1984] (see Table 1 
SUMMARY AND CONCLUSIONS
The zonal pressure gradient along the equator is related to both surface and isopycnal slopes. Here we have presented time series of the baroclinic response of the zonal pressure gradient due to the sloping isopycnals as calculated using temperature time series obtained from surface moorings deployed during the SEQUAL and FOCAL programs. Following rapid and large-scale changes in easterly wind stress, the baroclinic response due to the sloping isopycnals was observed to rap-idly overshoot its intended equilibrium and then to slowly relax toward it. In so doing, it provided a buffer for pressure gradient variations at the depth of the EUC. For most of the year the isopycnal slopes opposed the surface slope. An exception occured in winter following the wind stress relaxation. The isopycnal slopes reversed and acted in concert with the surface slope to enhance the pressure gradient at the depth of the EUC over that at the surface. Such a reversal may be crucial in maintaining the EUC during a time of weak easterly wind stress.
The vertical structure of the baroclinic response varied annually with the depth of the thermocline. When the winds were weak and the thermocline was shallow, the baroclinic response was primarily effected over the upper 50 m. After the winds intensified and the thermocline deepened, the baroclinic response extended down to at least 150 m.
In summary, the zonal pressure gradient along the equator in the Atlantic Ocean is a complicated function of time, depth, and zonal position. Its most rapid and spatially inhomogeneous variations correspond to periods of rapidly changing easterly wind stress. Consequently, estimates of the zonal pressure gradient require continuous measurements of both the surface slope and the subsurface thermal structure.
